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Magnetic reconnection is a fundamental phenomenon which occurs in all magnetized plasmas. The 
sun shows explosive phenomena triggered by magnetic reconnection in the solar system: solar flares 
and coronal mass ejections (CMEs). These powerful events tremendously impact on our lives: 
damaging satellites, disturbing radio signal for communications, and involving wide-area electrical 
blackouts. How are these explosive events arisen in the sun?  This question is the beginning of 
magnetic reconnection studies. 
   There is the huge gap of reconnection duration between theory and nature. For solar flares, 
typical time scale of magnetic reconnection in a theory based on simple magnetic dissipation is 
about 1014 s, while it in nature is about 103 s. Why is magnetic reconnection in nature so fast in 
contrast to the theory? Various models such as Sweet-Parker model, Petschek model, and two-fluid 
model has been considered to fill the huge gap. However, there is not yet consensus on how fast 
reconnection is triggered during magnetic reconnection.  
   In order to verify the mechanism of fast reconnection, magnetic reconnection experiment was 
performed in the TS-3 Plasma Merging Device. 
This dissertation provides detailed studies of magnetic reconnection in the presence of a guide field 
in TS-3 Plasma Merging Device. When a guide field is applied in magnetic reconnection, it changes 
many reconnection conditions: electron parallel acceleration and asymmetric distribution of density, 
potential, and magnetic field, and so on. These conditions could drive waves and instabilities which 
can lead to fast reconnection. By using high spatial resolution 1-D scans of many probes such as 
magnetic probes, electromagnetic and electrostatic fluctuation probes, and Langmuir probes, detailed 
profiles of the plasma parameters have been obtained. 
   Large electromagnetic fluctuations were observed inside the current sheet during fast magnetic 
reconnection in the presence of a guide field. Amplitudes of fluctuations reached 10% of the 
reconnection magnetic field. The fluctuations had a clear peak frequency of 1.5 – 2 MHz, which was 
about 2 times larger than the local ion cyclotron frequency.  
   2-D measurement of the electron density shows that diffusion region was modified due to the 
effect of a guide field. This suggests that the Hall effect appeared around the diffusion region in the 
experimental regime. 
   Electromagnetic fluctuations were localized at the downstream region rather than X-point, which 
means that fluctuations might play an important role of ion and/or electron heating at the 
downstream. 
   The fluctuations were found to propagate to the parallel and perpendicular direction to the 
magnetic field. The parallel and perpendicular phase velocities were approximately 100 km/s and 50 
km/s, respectively. These velocity were similar value of the local Alfvén velocity (100 km/s). The 
fluctuations were left hand polarized to the wave number vector. Numerical calculation of dispersion 
relations for low frequency wave shows that the left hand polarized wave (kinetic Alfvén wave: 
KAW) can propagate in the experimental regime, while the right hand polarized wave (Whistler 
wave) is evanescent. These characteristics suggest that the observed electromagnetic fluctuations 
were consistent with a dispersion relation of KAW in the experimental regime. 
   Both the fluctuations and the reconnection rate had dependency on the strength of a guide field. 
In the strong guide field case, large magnetic fluctuations and large reconnection electric field was 
observed. Normalized reconnection rate increased as the amplitude of the fluctuations. There is a 
positive correlation between the enhancement of reconnection rate and fluctuation amplitudes.  
   To investigate the generation mechanism of the fluctuations, the existence of fast electron was 
estimated by using a simple model. Electrons are expected to be accelerated to the 4400 km/s, which 
is about twice as large as the electron thermal velocity. The fast electron (electron beam instability) 
is most likely generation mechanism of the fluctuations. And then, the fluctuations could drive the 
fast reconnection due to the deformation of the current sheet. 
   Electrostatic fluctuations were also measured at the downstream region. However, a different 
characteristic between electrostatic and electromagnetic fluctuations was found, which indicates that 
electrostatic fluctuations include other waves or instabilities such as LHDI (lower hybrid drift 
instability).  
   In summary, the mechanism of fast reconnection focused on fluctuations during guide field 
magnetic reconnection has been experimentally investigated in TS-3 plasma merging device. 
Differently from a general understating, the experimental results show that reconnection rate 
increased with increasing the strength of a guide field. There is a positive correlation between the 
amplitude of electromagnetic fluctuations and the enhancement of reconnection rate. The scenario 
for fast reconnection suggested by in this dissertation is: (1) fast electrons accelerated by 
reconnection electric field drive electromagnetic fluctuations, (2) the fluctuations deform the current 
sheet, (3) fast reconnection finally occurs. We argue electromagnetic fluctuation that has the 
characteristics of KAW is one of the mechanisms for fast reconnection in the presence of a guide 
field.  
 
 
	 
	 
	 
 
